D-fructosyltransferase; E.C. 2.4.1.10) is an enzyme secreted in culture medium by Bacillus subtilis after induction by sucrose. The enzyme catalyzes mainly the following transfructosylation reaction: sucrose + acceptor -+ glucose + acceptor-fructose.
Since the enzyme was purified (17) , it has been extensively investigated. Physical properties of the protein have been described by Gonzy-Treboul et al. (20) and Berthou et al. (2) . The enzyme consists of a single polypeptide chain of 50,000 daltons. The sequence of the 444 amino acids of the secreted enzyme was recently elucidated by A. Delfour (unpublished data). A model of the three-dimensional structure at 3.8-A resolution was proposed by Le Brun and Van Rappenbusch (27) . Detailed enzymological studies by Chambert and Gonzy-Treboul showed that the enzyme obeys a ping-pong mechanism which involves a covalent fructosyl-enzyme intermediate which has been isolated (10) (11) (12) .
The genetic analysis of sucrose metabolism in B. subtilis by Lepesant and co-workers led to the identification of several loci related to levansucrase synthesis (29) . The stuctural gene (sacB) coding for the enzyme was defined by mutations that affected either the thermostability of levansucrase or its ability to synthesize levans (31) . A regulatory locus (sacR) was defined by mutations resulting in constitutive synthesis of the enzyme. The two loci, sacB and sacR, mapped t Present address: Genentech, Inc., South San Francisco, CA 94080. close to one another and were localized between the hisA and smo markers (29) .
We took advantage of the sacB mutants isolated by Lepesant et al. (29, 31) to screen for the presence of wild-type sacB alleles in the library of B. subtilis DNA cloned in A charon 4A (described in a previous paper [19] ). A clone bearing the sacB, sacR, and smo genes was isolated. This communication describes the isolation of this clone, the reconstitution of the sacB-sacR locus in a plasmid, and the identification of levansucrase synthesized by the E. coli host of the plasmid.
MATERIAU AND METHODS
Bacterhl strains and cloning vectors. The strains and vectors used are listed in Table 1 . Plasmid pH4 is a derivative of pHV33 (37) obtained by partial HhaI digestion. It has lost the pC194 functions and the EcoRI site of the pBR322 moiety of pHV33. The nomenclature concerning the various phenotypes related to levansucrase synthesis was taken from Lepesant et al. (29) . Lvs+/Lvs-stands for the ability/inability to synthesize levansucrase as characterized by its saccharolytic activity. Lvsc/Lvsi stands for the constitutive/inducible synthesis of the enzyme. Lev+/Levstands for the ability/inability of levansucrase to synthesize levans on appropriate solid medium. For example, strain QB2060 (sacR2 sacB204 cysB3) constitutively synthesizes a levansucrase, the activity of which can hydrolyze sucrose, but it is poorly able to polymerize fructose (31) . Its phenotype is Lvs' Lvsc LevCys-. The gene responsible for the smooth/rough phenotype was cloned in our experiments. In most laboratories, the reference strain 168M carries a smo allele, the origin of which is not clearly identified. It is noteworthy that the wild-type phenotype is rough (21) . Media. The multiplication of X charon phage was supported by Escherichia coli strain DP50 (supF) grown in a medium containing: tryptone (Difco Laboratories), 20 g/liter; yeast extract (Difco), 10 g/liter; NaCl, 10 g/liter; MgC12, 10 mM; diaminopimelic acid (Sigma Chemical Co.), 100 mg/liter; thymidine (Sigma), 50 mg/liter. LB medium (tryptone, 10 g; yeast extract, 5 g; NaCl, 10 g; water, 1,000 ml) was used as a solid or liquid medium to support the growth of other E. coli strains.
B. subtilis was grown on tryptose blood agar base (Difco) plates or in MM (1) (29) showed that the sacB gene mapped close to the regulatory locus sacR, not far from the smo marker (position 305 in the map compiled by Henner and Hoch [23] ). hisA, sacB, sacR, smo, and cysB were further found by PBS1 transduction to be linked in this order (M. Steinmetz, unpublished data). The presence of sacB, sacR, and smo markers in the insert of A LSC66 was tested with strain QB2060 (sacA321 sacB204 sacR2 cysB3) as the recipient and a mixture of DNA originating from strain PG795 (sacA321 sacB204 sacR2) and X LSC66 as the donor DNA. The patched Cys+ recombinants were checked for unselected markers on appropriate media. Table 2 shows that the alleles sacB204, sacR2, and smo were transformed. Moreover, the recombination frequencies between the markers were consistent with the order found in transduction experiments. subtilis DNA insert of X LSC66 was established with regard to EcoRI and HindIII sites (Fig. 1) . It showed that five EcoRI sites delimited four pieces of 2.1, 3.4, 6.0, and 5.1 kilobases (kb), respectively, in this order. Isolation of these fragments from agarose gels allowed us to localize the sacB transforming activity on the 2.1-kb piece, localized at the left end of the insert (data not shown).
An EcoRI digest of X LSC66 DNA was ligated in the EcoRI site of plasmid pBR325 (6) , and the ligation mixture was used to transform E. coli strain HVC45. Among the Tetr, Ampr, Cms colonies, recombinant plasmids carrying each EcoRI piece were found (Fig. 1) . The plasmid DNAs were used to transform the QB2060 strain as described above. The results (Table 2) showed that transforming activities for sacB, sacR, and smo were present, respectively, in pLS1, pLS2, and pLS4, thus giving an unambiguous map of this region of the B. subtilis chromosome. Expression of the sacB gene in A LSC66 and reconstitution of the sacB sacR loci in a plasmid. We looked for a potential expression of sacB in E. coli cells infected by A LSC66. The presence of the highly specific exchange activity of levansucrase (fructosyl transfer from sucrose to glucose) was tested in either crude lysates or in E. coli cells harvested in the stationary phase that precedes lysis. Both crude lysates and infected cells were found to contain approximately 0.015 U of enzyme per ml of culture, whereas no detectable activity (less than 0.001 U) was found under the same conditions in cells infected by another clone, k gutF38 (a clone which contains part of the gut operon; P. Gay, unpublished data). This result suggested that K LSC66 contained a functional sacB gene.
No (Fig. 1) . Table 2 shows that DNA of pLS5 transformed both sacB204 and sacR2 alleles. All the alleles tested further, sacB91, sacB182, sacB194, sacB236, sacR37, sacR41, and sacR44 (29) (Fig. 2) . The recombinant plasmid pLS7 was identified by systematic restriction analysis of the DNA of Ampr transformants. The 5.5-kb insert of this plasmid contains 4.1 kb of the left end of X LSC66, part of this material being duplicated.
Levansucrase was found to be synthesized by pLS7 hosts. However, we observed that Lvs+ colonies of E. coli segregated Lvs-colonies at a relatively high rate. These Lvs-colonies were found to carry a plasmid similar to pLS5, probably originating from internal recombination between the duplicated segments (data not shown).
The availability of both precise physical mapping of the sacB-sacR region and the sequence of the protein allowed a precise location of the sacB gene. A. Delfour (personal communication) elucidated the complete sequence of the 444 amino acids of the secreted levansucrase of B. subtilis. The localization of 11 restriction sites on the physical map of the sacB region (6 of them indicated in Fig. 2 ) was found to be perfectly consistent with the amino acid sequence of the protein. This comparison provided an unambiguous positioning of the nucleotide sequence coding for the secreted form of the enzyme. This sequence indicated that pLS1 and pLS5 plasmids were lacking, respectively, the origin and the terminus of the gene, which was consistent with the absence of expression of sacB in their hosts.
It appeared that a convenient way to clone a shorter insert that would allow sacB expression was to start from a partial HindlIl digestion of either A LSC66 or pLS7. Such a partial digestion of pLS7 DNA was cloned in the HindlIl site of pBR325. The experiment allowed the isolation of plasmid pLS8 in which the tet gene of pBR325 was inactivated (Fig. 2) .
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